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v 
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Angle  of  attack,  deg 
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Air  density,  slugs  per  ft3 


Pitch  rate,  rad  per  sec 


SUMMARY 


This  report  presents  the  results  of  wind  tunnel  tests  of  16  proposed 
hypervelocity  105  mm  projectile  configurations.  The  tests  were  conducted 
during  September  1962  on  a  48%  scale  model  at  Mach  numbers  of  4.0,  4.5, 
and  5.0  in  the  Ballistic  Research  Laboratories  Tunnel  No.  1. 

Results,  which  are  presented  as  plotted  data,  include  Ca,  Cjj,  Cnq,  and 
Xcp.  Data  was  taken  at  a  Reynolds  number  of  6  x  10*  per  foot  and  at  angles 
of  attack  ranging  from  -10°  to  +10°. 

The  minimum  drag  configuration  from  Mach  4.00  to  4.50  is  N,B,T3,  and 
from  Mach  4.50  to  5.00  it  is  N,B,Tr 

All  the  configurations  can  be  made  gyroscopically  stable;  presently 
available  data  indicates  that  they  are  also  dynamically  stable. 


INTRODUCTION 


This  report  presents  data  which  can  be  used  to  aerodynamically  optimize 
the  external  shape  of  the  hypervelocity  105  mm  shell.  Four  nose  shapes, 
four  boattails,  and  two  bodies  were  used  to  obtain  the  16  configurations 
tested.  Body  No.  2  was  tested  only  with  boattail  No.  4  and  vice  versa.  This 
configuration  was  tested  to  provide  a  comparison  between  boattailed  and 
square-based  shell.  The  various  configurations  tested  are  shown  in  Figures 
1-4  (pp  9  -  12). 

EXPERIMENTAL  PROCEDURE  AND  APPARATUS 
Apparatus  and  Models 

Wind  tunnel  tests  were  performed  in  Tunnel  No.  1  at  the  Ballistic  Re¬ 
search  Laboratories,  Aberdeen  Proving  Ground,  Maryland.  Tunnel' No.  1  is 
a  continuous  operation,  closed  circuit,  variable  density,  flexible  nozzle, 
supersonic  wind  tunnel  with  a  Mach  number  range  of  1.25  to  5.0.  Wind 
tunnel  details  may  be  obtained  from  Reference  3- 

The  48%  model  of  the  proposed  configurations  of  the  105  mm  (Figs  1-4) 
was  so  fabricated  that  noses,  bodies,  and  boattails  could  be  changed  with¬ 
out  removing  the  body  balance  adaptor  or  the  balance  itself  from  the  tunnel. 

The  nose  contours  were  established  in  two  separate  parts.  The  initial 
nose  portion  consisted  of  a  scaled  version  of  the  T369  fuze  for  all  con¬ 
figurations.  Following  this  fuze  contour  were  four  configurations.  These, 
were  designated  as  noses  N,  through  N,  and  can  be  described  as  follows: 

Nj  —  3-caliber  cone 
N2  —  3-caliber  tangent  ogive 
N3  —  2.5-caliber  secant  ogive 
N4  —  2.  5-caliber  cone 

Bodies  were  designated  as  B,  and  B2.  B,  consisted  of  a  1-caliber,  cylin¬ 
drical  body  with  a  rotating  band  while  B2  was  identical  except  that  it  had 
no  rotating  band.  The  rotating  bands  were  engraved. 
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Four  model  tails  were  used  and  designated  as  T,  through  T4.  They  are: 

T,  —  1-caliber,  10°  boattail 
Tj  —  1-caliber,  8°  boattail 
Tj  —  1-caliber,  4°  boattail 
T4  —  1-caliber,  square  base  with  rotating  band 

The  body  to  balance  adaptor  was  assembled  on  the  three-component  strain 
gage  balance  beam  and  the  balance  beam  was  attached  to  the  angle  of  at¬ 
tack  strut  support.  The  pressure  line  for  reading  base  pressure  was  built  into 
the  balance  itself. 

The  Mach  number  to  be  used  was  selected  by  adjusting  the  flexible 
nozzle.  As  the  model  was  pitched  from  +10°  to  -10°  angle  of  attack,  the 
data  was  obtained  automatically  at  1°  increments.  This  testing  procedure 
was  followed  for  Mach  numbers  of  4.0,  4.5,  and  5.0. 

DATA  REDUCTION  AND  PRESENTATION  OF  RESULTS 

An  internal  3-component  strain  gage  balance  was  used  to  obtain  the  re¬ 
quired  aerodynamic  forces  and  moments.  From  this  data,  corrected  for  tares 
and  interactions,  the  aerodynamic  coefficients  C  A  CN,  CN(j,  and  Xcp 
were  determined.  The  data  accuracy  is:  CN  ±.003,  CA  ±.003,  Xcp  ±.05  cal, 
and  a  ±  .  1°. 

The  normal  force  coefficient,  axial  force  coefficient,  and  normal  force 
center  of  pressure  are  plotted  as  functions  of  angle  of  attack  at  Mach 
numbers  4.0,  4.5,  and  5.0  in  Figures  5  to  22  (pp  13  to  30).  Axial  force  co¬ 
efficient,  normal  force  center  of  pressure,  and  normal  force  coefficient 
slope  (per  degree)  at  zero  degrees  angle  of  attack  are  plotted  as  functions 
of  Mach  number  in  Figures  23  to  31  (pp  31  to  39).  All  curves  for  normal 
force  coefficient  versus  angle  of  attack  have  been  translated  to  pass 
through  the  origin. 

Figure  32  (p  40)  shows  the  models  tested.  Also  given  (Fig  33,  p  41)  is 
a  photograph  of  configuration  N,B,T2  mounted  in  the  tunnel.  Typical 
Schlieren  photographs  at  Mach  5.0  are  shown  in  Figures  34  and  35  (p  42). 
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RESULTS  AND  DISCUSSION 


The  test  results  indicate  that  the  static  coefficients  for  all  configurations 
are  within  the  regions  which  permit  spin  stabilization.  Of  the  shapes  tested, 
Nose  No.  1  appears  to  have  the  least  drag.  The  normal  force  coefficient 
slope  and  the  center  of  pressure  location  are  not  substantially  different  for 
all  configurations  tested.  All  configurations  exhibited  a  decreasing  normal 
force  coefficient  slope,  a  decreasing  drag  coefficient,  and  a  forward  move¬ 
ment  of  the  center  of  pressure  location  as  the  Mach  number  increased  frbm 

4. 0  to  5.0. 

The  effect  of  a  square  base,  using  nose  Nt  as  an  example,  is  to  produce 
a  rearward  movement  of  approximately  0.3  caliber  in  the  center  of  pressure 
location,  an  average  increase  of  approximately  .005  in  the  normal  force 
coefficient  slope  (per  degree),  and  an  average  increase  of  approximately 
.005  in  the  axial  force  coefficient. 

The  centers  of  pressure  of  the  boattailed  configurations  were  located 
between  3.0  and  3.1  calibers  from  the  base  at  Mach  4.0  and  moved  approxi¬ 
mately  0.1  caliber  forward  by  Mach  5-0. 

The  combination  of -nose  N„  body  B„  and  tail  T2  (boattail  angle  of  8^) 
results  in  the  minimum  drag  shape  in  the  region  of  Mach  4.5  to  Mach  5.0. 

The  configurations  tested  are  shown  in  Figures  1  to  4  (pp  9  to  12).  Fof 
complete  presentations  of  data  on  ail  configurations  tested,  see  Figures  5 
through  31  (pp  13  through' 39). 

It  should  be  pointed  out  that,  while  all  configurations  can  be  spin  stabi¬ 
lized  (according  to  the  criterion  that  the  center  of  pressure  be  forward  of 
the  center  of  gravity),  this  does  not  necessarily  mean  that  all  configurations 
will  have  the  same  dynamic  stability.  It  is  the  combination  of  dynamic 
stability  and  gyroscopic  stability  that  determines  whether  a  shell  will  be 
stable  or  unstable;  and  at  this  writing  the  data  necessary  to  estimate 
dynamic  stability  accurately  is  not  available.  The  missing  information  is 
the  Magnus  moment  coefficient  and  the  damping  moment  coefficient.  Re¬ 
cently  Magnus  force  and  damping  moment  tests  were  completed  at  Mach 
numbers  1.5  -  3.0  on  similar  shell  configurations  in  Tunnel  No.  1  at  BRL, 
but  this  data  is  not  yet  available.  Range  firing  data  is  available  up  to 
Mach  2.6,  but  is  somewhat  scattered  and  must  be  extrapolated.  Utilizing 
this  data,  which  must  suffice  for  now,  some  idea  of  the  overall  stability  of 
the  105  mm  configurations  can  be  gained. 
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The  dynamic  stability  estimate  together  with  Figure  33  (p  41)  of  Refer¬ 
ence  4  indicates  that  a  gyroscopic  stability  factor  only  slightly  greater 
than  one  will  result  in  a  dynamically  stable  round.  Since  the  round  is  to  be 
used  for  flat  fire  there  is  no  need  to  consider  the  trailing  problem,  and  a 
gyroscopic  stability  factor  of  2.0  to  2.5  will  give  an  ample  dynamic  stability 
margin  for  all  rounds  and  conditions.  This  requires  a  twist  of  one  turn  in 
23  calibers  for  the  gun  when  the  muzzle  velocity  is  5027  feet  per  second 
(see  computations  in  Appendix). 

CONCLUSIONS 

All  configurations  appear  to  be  capable  of  being  spin  stabilized. 

The  lowest  drag  nose  shape  of  those  tested  is  designated  N,.  The  lowest 
drag  configuration  from  Mach  4.0  —  4.5  is  N ,B ,Ta  while  the  lowest  drag 
configuration  from  Mach  4.5  —  5.0  is  N1B,Ta. 

In  general,  the  square  base  configurations  exhibited  a  rearward  move¬ 
ment  of  the  center  of  pressure  and  a  slight  increase  in  normal  force  co¬ 
efficient  slope  and  axial  force  coefficient  when  compared  with  the  boat- 
tailed  configurations. 
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Fig  1  Various  nose  configurations  tested  with  1-caliber  cylindrical  body  with  rotating  band  and  1-caliber  10°  boattail 


Various  nose  configurations  tested  with  1-caliber  cylindrical  body  with  rotating  band  and  1-caliber  8°  boattail 


IgRffffctiitmfi 


:US$iuiiiij|iU88iHil3Wl 

un.Tjt'n 


:;U::.sv; 


BBMI 


. 


mmj&smw&i 


ElDItUin; 


dra 


:u::nir:tr  ini:ni: 


:  1  : 


iBHimi] 


illninililliil! 

iHSHHiffiKSiKSaHT 


i;  i 

it'Zti:  ::2it  :su: 


Figure  5 


13 


14 


!!-!!•: 


::  '  :::  :  : 


■;  ;■  f!p|  || 


fSiiiraininn 


:i:; 


uji::ar:nnj!j:r 


iiici  tutor  iiaitiai 


: 


iialliUi; 


::::  ::::::::::::: 


: 


ttWB 


■Ml 


an  me 


iHttiinit  jiiij  tig  j  tffg  tSMkllllMIHilBli 


::u  tan 


m  : 


::  ::!ttrr: 


arairi! 


::ii  i  itrii  iirn  rfit:  iait  iilli  ixHiaic  I 

™ 1— BWBBi 


iimiiai  uianm; 


:::: 


imt:m::tiu::taitfn:aian$i 


' 


iaii  air  iini  it  Hi  axHirai : 


Figure  7 


15 


HSMEM 


!:’!2!!i!!! 


■Hi-:: 


■MH| 


;ri 


BHU 


■ 


16 


[ttnitmi 


HSIilBgHlHiiS 

iiSfiHBigijii! 

lilUilSgigii 

HiiyMaBBI 


iSilSHtrai 


nmmii  iIEialBBineift  sttJ! 


mwmwmmi 


i  nil  lint  mu  if  til  ntn  mu  i 

: 


1131881 


llllillliiiiliillllililliiiliiHfiiiiiSliifiil 


HWIBB 


!T!3iP®»S?il{SilP!liZla‘l,i 


'll :::::  iriiitiai  r;r:::s:i: 


SSEr+^SS^SS^BPMii^lliiiPiliOiialSPS1 


■ .  ■ .  .  . 

•*«:  iiuj  ms  1 


■Hr!M 


::::::: 


rial:  xixhiimii 


HjpMW 


mtmm 


mini 


::::::: 


ujitumumui 
m  ms:  am  tint: 


•  >  •  •  r . .  r 


::::::::::  ::;i; i:::i 


■HiiipliiPiPlsij 


....  mi  jjir 


H— W  ,»i  —l— — Wf 


iiiigiigliglii 


MKElTSi 


ijfiiisiijjliliiiiiilESil 


ililiiUPPilile 


ifiSIIUsJiSassn! 

aijigiiiiliijgiijilij 


ii::st3i  rstitissfl  nBuinil 


Figure  9 


17 


iai8flilHll8iHp9iS 

ipHiiPHKilllii! 


MH! 


iijjjujj! 


!3jflyd2iH 


ipniji 


■Minimi:  usij! 

aSaSsMi 


pawii 


.... 


iiiaiSImi 


[iimiiHinaii 


nttBii 


ainguai 


r: 


aioigii 


HBSiliillillii 


ii  minus 


[j  gtfjitjiijjjj; 


jaHPimHHF*'  vmwmwmmr 

llisiiiiliiil  llisilll  mm 


i:r:ss:  nmn: 


iiliiiiiigliil 


inmti 


in  aim: 


mms 


limit: 


ISSSiSII^ '51 


iiHiigiPiiBi! 


i  Basil::: 


IWJI::  ... 

mints  -sitttfl  nntrati  linnttiJSHtnttu 


T. 


IHBIHSSSH’ 


■Ml 


urr 


Figure  10 


18 


KffilHiiaiiiiliiffiliHieffliaHiBiBl 


sag  wa  s««  igiin|B  iggDia  mimii  ti  . 

■  i  :■  ' 

HH1BBWpWPH| 


SMSS™™ 


i  IftlSil  ijiliiifliii! 


HifeSUai 


surra 


H^=:l  £  -  ill  i!  !)' 


■WWMiBP 


mm 


»»m>w»  ■wwiwwiM 


■  . :  ;  , .  .  : . 


M  mm 


::::: :: 


J  -  -1  i^i 

i!!!i!i  liiilllflli!  affSiaPSPS, 


mz* 


rZmml 

a— I 


■  ’  :::;L _  .  - 

■LJilMWmim1'  -.tJMUl  .:-  - 

.......  ...... 

. :  :  iiiigifsips! 

0|ii!!!!!ii!!liiPaS=u5!ilsjP5Si 


iumiiuaiuiiiniii 

iimruroimiir*. 


h::ij 


inniiininitij 


BWBBWBW  i! 

ncmisotfuimtuHwitu 


;e  mmiunomsan 


::  ; 


■ttS 


Hfiiiifi 


Iran  inn  raj 


lillVM 


::::::: 


linn  unraicn 


.  : 


Figure  11 


IliiliHiSliiifiiy^yiJIJh! 


lamtarnii 


jgggijilijiiiiilil! 


Figure  13 


21 


1 


22 


Figure  15 


23 


.  •'  It  . 


mmia 


ffilfiSfiOiBili 


HjranMMM 


.  ::  : 


[liiMiiBi 


vi;  •»*•;;***! 


r;j=»=jt:tn.  <r 


impsim 


SBHM 


«H| 


nniiuttut;;; 


•iyi;.:: 


inshunal 


Figure  16 


24 


ilGi  UUUCJl  ttl 


lutuinintniraiji 


iiiitniaietBdilijia 

— wlBy>r.i ~m 


'■Iwnalff 


aakit 


i«Xi&yp!ifiijs 


mu  mi: 


:: 


: 


iu.»Ji  ititiifiij  wiiiwi 


mm3 


imngi 


iiiilitnmfcifeinU 

IWWtMlinBIIIIIIBmi 


utiimmnira: 


!IK5i(PEaKa 

ii^B 


MnBMHMI 


MB 

. 

iwinwiiw 


InicisciaH; 


iiii— > 


iwi  ■«!«■>.  mil  nw 


ijfSWHMMflfii! 


limuiuumi 


raimtn 


::::::::: 


[tattiniitniQinlmzdcii 


KDiinjuumnintaiatunii  jiuuji 


;i  am  uttj  nit:  ant  ain  mil  mil  :i|n  u 


gijifiiiiitiSIlIffi 


ttiiauMttuij 


Figure  17 


25 


Ulk.  &  ”  iflflmlMf  A”2  iff 

'Hint:  •!:.::••  Kir'i!>"mti!JtuBi:ii!iy ::::::::: 


!jjpg!P!!H!i|jj!|»sj|3|j|j 


!*•!  !!1J?  »H5t  !ltt*  tilt!  •»•!! 

IlfiwiMiMiBttW 

: 

;UJ  :;2ii  Itiij  :2|:  fliii  1811 
:ia  tata  taxi  liU: ill;:::::. 
|)Dmn  WBaBtllWWIl 
IIRIH!!  IBinlniilHIS?!! 

::  $  :±i.:  :■ 


t  Itn:  Etst:  ts;fi  ftuatit  siftrn  i 

jliS:  fjii: j!;|i  i!s||iifnr  i 
jigi  tmj  mt)  o|fj  ilia  i 
...  ...  ... 
iiniiiiif: 


F.dOill 


ini:  naim. 

WiJWHWi 


Figure  18 


26 


him 


jKKKissuiuua; 

:::::::::::::: . 

luiuiii’iii 


iSpiHK.! 


illpl!  _ 

IHSilliifiMBS 


liil 

ninimmiitrr 1 


:  •  - 


Hill 


mw^m  wans 

Sf!®  ii&tfls! 

MBaHaBWggBggaiiiwi^MiiiaHiaM 


;::I3i  3iii  imi  uiiiiiiu  iuii 
t:ia:  nimtiit  mtintti  ititt 

*  rs-  a.«  ss»  9!!!^  WilMIHli 


MUj  IMMIfi  I 

::::  | 


RBMf 


iiHiill 
1 


. 

l!iP!il^ilii!!illiil!iigllligiSliiliPlii{»39iiliei8ffipl&illg!iiiiiiil 

ggggggg^s^^wSSSiiiiBittiiiii 

liiliiiiiia^siiBiiili»iiig{l«aaigB[iiB 

BiilSli5SSS2j.  *  i  ,  m 

9HBI  illllililiiil:  iHItlH!  BH&9S  !Hiaflif$Sli8ljSPiPill!  ISIrHI!  siiinii 

iniiaaauigaiiaffiaHiiiiiillafaaBaaai 
laaaasmaHaaaaHapRiiHiafiKHaaiii;^  |U 
g^illlililigwSa^ggEgaai . 

jKm£:f;i:;!8!Sraimigfete®$yi$ft!18ltSS|a 

:i:u::::m.  aumu  iimn;n  ;fgt»m  ugiww  mamy  >itniOh 

Hiisig  bbibs:  nsimti  =bb®  sams 
:  :  ::  !fc:a|  jiPfiBi  lijjjllj 

liiSSSii  illiilHii  illiiniii  Pill  snlipjl  liig 
iiiiiiliiilBlBlHili 

*UH®i  h.hj  tsi  irsasi 


f?H5:;!555l5sa!e 

iitnuin:  ttjnnti 
l— — — 11 — i  — t—  t 

:*!!t::!t::ii!:!t!jr  tnt»|jrmjB|9fii  :i 


MMM 


ii:r 

::::: I 


liCbJii  ••  I 


!  *f;t'  rrt?;t!:s  snojii  a 

VMHi 


:  .i... iliCSUi 


fifi  iiimnt:  rnc 
:?i?!  •stetmt  5s 
inli  iiU 
urn  sternum 
tt:u  uutunm. 
:!!?•  sitnmtra: 


: 


mmsa 
mKaaigy 

iniiiissi^f.  I  •  ! 

»» ifis  fig  fig  pSsfifB  PJfiffl  f;;niK 

:  ..tut  uiti  u.t-  •  tut  titB  tun  uiu 
[St!  me  jHi|i|Eig|i  an: 

linilHi 

B3!P!«iEi!l> 

iiijiliyiaiaapp 

IlillSiiliSiSE 


i!jg|Spl 

iiiiHji  iitinii:  f 
ariK'^tnrur!  I 

=ittt*t  I 


:  •iHRjgaPBPww^^yii 

hwbbB®? 

^  Hsi  *lai 

ettif!  tmisttruinttts: 

HMaaaii 
i’Upfiitl: 

n  man- 

|!|  iilni-iliiliiti: 

iHiilii: 


iE 


iaiaamHi. 

uuiitun:i:.l 


Jg|ii  jctiiiu!  :imn 

. ii 

Hi 


27 


;:  • 


1  • 


!  Hffi  ilili  iHg  ^i!  S!!H  ^ii  !iii  IBii!  IB  ii  !§i!18f  HIS  H|p  H^bIh  Pill  iiil 


ntaoiijt&D 


mi:  ntg  ms  mtisni 


iflUHWiS. 


:::  ;:;am;;  ;;:i:;ius  ;i;imcm|5fi 


tt:  musts  iSr 


itii:  riiiiiiiriiiiiim;  simati 


mmmmmmm 


m:  mu  atnmr  mmmi  mama  rerun;  a:  a 


-•  .  _ 


ntumti  aratnuiaUTO  5iBi 


. 


—■ IBWHl 


P— B 


liii 


!  email-: 


it:  mmumnintg:  mattm: 


iSHsSlilli 


iliil  u  I’ 1  ■ 

atinS  i  ffil  •!•  II!  : 


iiiiiininini: 


fffijaHr 


aStyySaa 


ram 


ili  iliii  liili  iiil 


Hill 


iBffi 


Figure  20 


28 


iiniujn; 


i?!!!n!ii!!W!f*?i:**H' 


iciiitnimimcmninuiit::!:: 


**  jilfiiBiii 

liiafiiBifl 


.  : 


lis:  'iliiil! 

•  -  -tivi’i' 'j.--  •  -MBtlrttf [1,1,5 

te  smtttil  uiraei  KilmaiSiii  Kte  flwttiti  a 

:m.  <ui  ttnr atijr* iguam iiitnr; Tannin  iSifir; 


HIHHhb 


«fi  ..Hi  HijfuiS  ioiiuiii  Vuimiii  UinlSfi  SiiUiS  j  ifilii 

itliiai  Bin  nig  miiufiimitBittiaBfBB  Strata  Bail 


^sr»PS88*8««l 


ijiiiiiiiiiiiiiliiillliilljjilillil! 


HsstL:  !M!W  !tm^9^H^9tnin:m::::ii 


EBBL 


!•«  *35: 


illllliijili! 


Figure  21 


29 


iffiHS 


HMB 


Bio  roc 


:  :::  : 


itumaii 


HHWBItB 


iiiiHiHiHicinuiroir 
scro  mtnmittroroii: 


mmm 


!!!UgmS!«il! 


!cj:;nr.n::r: 


ijuitiiii  iuiirati  iKHniHi 


::::::: 


irirrx  jrv*:  *tx: 


incrotfuj 


iranmnirotnii 


:::::: 


trne::i 


Kik:\ 


;  mmim  ion  tiro  li 1 1 
i  unuiai macro  trot  i 


•iinjitroti 

::tr 


Mi 


:::::: 


timsucxtutt: 


•trip:: 


I  Figure  22 


30 


31 


'p^uBhiiihi 


li:  !!:!;;:i!i]hl:!!!i!!!iii!i]!!!i!]!!:]!il 

llliliiiili 


■IMHmBHiiijglH 

iSiilSiuiiiHiiiii 


i  i!!l!  3ISI  i!IJ!  2IS !!!!:  :IH!  slfi  !SJ! Hal  I 

-li  ilill  ilia  IIIS!  Iliil lllilil! ; 


imimr  i 
UjiUlf, 


IBM— 


JSS-1  ■  ' 


mfKHMMH 


-in  -.innlSni ti 
r.tmttcqnimii  ti 


-  •  -  ---  i§;gsasBHl!iisi«lliil!i 

■  •  -  Hill  "ir; 


:::  : : : :  r  •  r  • 

jmrmann 


ii 


:::  ...  . 


tint  not  tmti 


:::::::: 


■  i 


IS?HlBraS§Ifiii!' 


-.•.r.r.v.'  ::rt 


Figure  24 


32 


mm 


Haw 


H8l  s&iai  miwih^iSwSz?^  «** 

fdiiiffll  §ii»SSS®  ffiHSiifli 


laiasa- 


iiiiisiiaitiiiiiisi 


:Un::n;  !nilili:i;ui;au 


:t«  i«s;  suit  inn  rriu  ;Sj:  iait  t|jj] 


He*HH 


:  : 


.:  ::  . 


'aiH.'filis’i 


in  leg 


ieeeeeiame 


emeus 


tic  itiit  atonic  iti'u  aiiiiiiiiiiluiatii 
•;F  iS!i*  -8K  tiin  !ttr.  :mmH:  Bn  jot:  i 


IfnjaBHil 


iilitmtlii 


[iSSgfefSHl! 


lilsissiliiiiiiiittsiiiijiil 


;!:!!!!r:xr::ijnnin::u;:tSMin>|nrinx3tgvtt|ii 


ilnuiialE 


iBi35fJgAa3li 


35 


::  i  Jit;;;. ;;; 


EGREE  AT  a 


:  ..i. ;i-  i..  .-i 

=4  Nj;ji;i 


''miitKffij 


-  '  ■ 


■■ 


.  :  :  . : . :  :  : 


Figure  29 


37 


ungnnni 


- 


ii!:l!liiiiyMfaBAmydiw^t 


Hi 

::uuiu 


tisaoia 


;:::::::  3 : 
it:::!!:!! 


:::::::::::::::::::::: 

. . . 


SmanmssitQi 


itdntnx:  I::;:;:::: 


_:::^::ninaai  PKOHHMH 


Milana 

BBlieiSlil 


iiugtiicjHiu; 


: 


lasii 


■jimxuati 


Figure  30 


38 


I— 

■■1 


liiiliini  '  j§ 

vtiMwm  neffiiiiSiiiisiis  wmwmwswmmm 


iilililiilililfHl! 


Figure  31 


39 


40 


Fig  32  Model  components  tested 


Fig  33  Configuration  N.BJ,  in  BRL  Tunnel  No. 
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a  --  0° 


a  =  +6? 


Fig  34  Schlieren  photographs  of  configuration  N^T,  at  W  =  5.0 
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APPENDIX 


Gyroscopic  Stability  Calculation 

A  sample  calculation  based  on  the  estimated  characteristics  of  config¬ 
uration  N1B1Tj  is  shown  for  M  =  4.5- 

_ A 2  co2 

S  ~  (128.8)  B  KMd3  V2  p 

s  =  2.0  to  2.5  (gyroscopic  stability  factor  desired) 

A  =  0.521  lb-ft2  (estimated) 

B  =5-90  lb-ft2  (estimated) 

Xcg  =  2  calibers  from  base  (estimated) 

X  =  3.05  calibers  from  base 

d  =.344  ft 
Kj^  =  0. 864/rad 
Km  =  0.907/rad 

V  =  5027  ft/sec 

p  =  .002378  slug/ft3 
dj  =  spin  rate,  rad/sec 

For  an  "s”  of  2.0,  the  required  "a>”  is  3525  rad/sec;  and  for  "s”  of 
2.5,  the  required  " cj”  is  3941  rad/sec. 

The  twist  needed  to  produce  the  calculated  spin  is: 

1_  2n  (V) 
n  <0  d 

n  =  turns/caliber 

V  =  5027  ft/sec 
d  =  .3 44  ft 

01  =  3525  to  3941  rad/sec 
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When  a  =  3525  rad/sec,  n  =  — r  turns/caliber 

26 

When  a  =  3941  rad/sec,  n  =  —  turns/caliber 

23 

Dynamic  Stability  Factor 

The  dynamic  stability  is  checked  for  the  same  configuration  and  Mach 
number  as  are  used  above  in  the  gyroscopic  stability  calculation. 


2  [Km-  Kn  -  (K,)  *Kt] 
Kn-Kd  +  (K2)-2  KH  -  (K,)-2  Ka 


where 


and 


0  <  s  <  2 


s  > 


1 


S  (2-s) 


Kn 

K 


K 


D 


H 


(K.) 

(K2r 


=  .864/rad 
=  .  114 
=  5.0 


=  No  data,  estimated  as  0.005 


Wd2  c 
~A~  =  5'68 


Wd2 


=  .502 


A  =  .  521  lb-ft2 

B  =  5. 90  lb-fc2 

=  .  10/rad 
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«  -  25  lb 
d  =  .  344  ft 

Upon  solution, 

s’  =  .820 
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number  of  6  x  lo‘  per  foot  and  at  angles  of  attack  rang-  projectile  '  number  of  6  X  lo‘  per  foot  and  at  angles  of  attack  rang-  projectn, 

ing  from  -10°  to  +10°.  Mach  4.0  1  ln8  fronl  t0  +10  •  Mach  4.0 

The  minimum  drag  configuration  from  Mach  4.00  to  Mach  4.5  •  The  minimum  drag  configuration  from  Mach  4.00  to  Mach  4.5 

4.50  is  N1B,Tj,  and  from  Mach  4.50  to  5.00  it  is  NjBjT,.  Mach  5.0  •  4.50  is  NjBjTj,  and  from  Mach  4.50  to  5.00  it  is  N4B,T2.  Mach  5.0 

All  the  configurations  can  be  made  gyroscopically  Whyte,  R.  H.  ;  All  the  configurations  can  be  made  gyroscopically  Whyte,  R 


